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Cavitation is a common problem for many engineering devices in which the main 
working fluid is in liquid state. In turbomachinery applications, cavitation generally 
occurs on the inlet side of pumps. The deleterious effects of cavitation include: 
lowered performance, load asymmetry, erosion and pitting of blade surfaces, 
vibration and noise, and reduction of the overall machine life. 


Cavitation models in use today range from rather crude approximations to 
sophisticated bubble dynamics models. Details about bubble inception, growth and 
collapse are relevant to the prediction of blade erosion, but are not necessary to 
predict the performance of pumps. An engineering model of cavitation is proposed 
to predict the extent of cavitation and performance. The vapor volume fraction is 
used as an indicator variable to quantify cavitation. A two-phase flow approach is 
employed with the assumption of the thermal equilibrium between liquid and 
vapor. At present velocity slip between the two phases is selected. Preliminary 
analyses of 2D flows shows qualitatively correct results. 
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BOILING VS CAVITATION 
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due to lowering of 
hydrodynamic pressure 
under adiabatic conditions. 


HIERARCHY OF CAVITATION MODELS 
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Selected Approach: Level 3 


TWO-PHASE FLOW METHODS 
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DENSITY CHANGES IN ENGINEERING FLOWS 
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Smaller sound speed slows down information propagation 
Cavitating flows offer a very stringent challenge to numerical schemes 



TEST PROBLEM 
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Effect of geometry change (rounded 
entrance; y/R = 15%) 


CATERPILLAR INJECTOR ORIFICE 
Steady State Analysis Pinlet = 2.5 bar 
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c. VAPOR FRACTION 





CATERPILLAR INJECTOR ORIFICE 
Steady State Analysis Pinlet - 3.0 bar 



c. VAPOR FRACTION 






CATERPILLAR INJECTOR ORIFICE 
Steady State Analysis Pinlet = 10.0 bar 



CATERPILLAR INJECTOR ORIFICE 

Effect of Edge Shape on Void Fraction Pinj=4 bar 
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Rounded Edge 


SUMMARY 
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body forces ( e.g . due to rotation) 

3) Validation under a variety of flow conditions. 



